Objective: The National Institutes of Health (NIH) Toolbox (NIHTB) for the Assessment of Behavior and Neurological Function Cognition Battery (NIHTB-CB) provides a brief assessment (approximately 30 min) of key components of cognition. This article examines construct validity to support the clinical utility of the NIHTB-CB in individuals with stroke. Research Method: A total of 131 individuals with stroke (n ϭ 71 mild stroke; n ϭ 60 moderate/severe stroke) completed the NIHTB-CB. Univariate analyses were conducted to examine the cognitive profiles of the two different stroke groups (mild vs. moderate/severe stroke) on NIHTB-CB measures and composite scores. Pearson correlations were conducted between NIHTB-CB and established measures to examine convergent and discriminant validity. Effect sizes and clinical impairment rates for the different NIHTB-CB measures and composite scores were also examined. Results: Participants experiencing moderate to severe stroke had poorer performance than did individuals with mild stroke on several of the NIHTB cognition measures. Evidence of convergent validity was provided by moderate to strong correlations between the NIHTB measures and the corresponding standard neuropsychological test (Pearson rs ranged from 0.31 to 0.88; median ϭ .60). Evidence of discriminant validity was provided by smaller correlations between different cognitive domains than correlations of measures within the same domain. Effect sizes for composite and subtest scores regarding stroke severity were generally moderate-to-large. In addition, 42% of the sample were exhibiting mild cognitive impairment (i.e., Ն2 low scores on fluid tests). Conclusions: Findings provide support for the construct validity of the NIHTB-CB in individuals with stroke. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Impact and Implications

Introduction
Stroke is one of the most common disabling medical conditions in adults. Almost 800,000 people each year in the United States experience a stroke, and an estimated 6.8 million Americans are living with chronic symptoms associated with stroke (Go et al., 2013) . Stroke is characterized by chronic physical, psychological, cognitive, and functional impairments that affect activity, participation, and quality of life (Desrosiers et al., 2008; Edwards, Hahn, Baum, & Dromerick, 2006; White, Magin, & Pollack, 2009 ). According to the American Heart Association and the American Stroke Association (AHA/ASA) Clinical Practice Guidelines for Adult Stroke Rehabilitation Care, stroke rehabilitation that is initiated early after stroke can support stroke recovery and minimize functional disability (Bates et al., 2005) . This process starts with a thorough evaluation by the health care team to understand the patient's strengths and limitations.
Approximately two out of three patients with stroke have some level of cognitive dysfunction (Salter, Teasell, Bitensky, Foley, & Bhogal, 2008) . The extent of cognitive dysfunction is one of the primary concerns of poststroke rehabilitation. Even though existing guidelines recommend a thorough evaluation of cognitive status to guide treatment planning, clinical constraints often preclude time-intensive assessments in acute care settings. As a consequence, assessment of cognition following stroke typically consists of screening tools to detect gross changes in cognitive status; for example, Montreal Cognitive Assessment (MOCA; Bates et al., 2005; Godefroy et al., 2011) . While screening tools may be moderately sensitive to global impairment, they are not comprehensive and, by design, target limited domains of cognitive function (Godefroy et al., 2011) . Few instruments provide a brief but relatively comprehensive evaluation of multiple domains of cognitive function. The National Institutes of Health (NIH) Toolbox for the Assessment of Behavioral and Neurological Function Cognition Battery (NIHTB-CB) was developed for this purpose. The NIHTB-CB is a brief assessment of key components of cognition that can be used across the life span (Gershon et al., 2010) . The NIHTB-CB was designed to evaluate processing speed (PS), executive function, episodic memory, working memory, and language in approximately 30 min. The NIHTB-CB meets clinical demands of brevity but has the advantage of providing assessments across five cognitive domains. Thus, the NIHTB-CB could be used to screen for cognitive strengths and weaknesses and to provide the basis for a targeted, more in-depth assessment of cognition when appropriate, as well as highlight aspects of cognition that might be used to maximize outcomes. For example, an individual who has intact language but performance deficits for episodic memory might be encouraged to use compensatory strategies, such as creating lists (which requires language and comprehension) to aid in memory recall.
Previous research provides preliminary support for validity of the NIHTB in individuals with stroke (Carlozzi et al., 2017) . With regard to the Cognition Battery, this work indicated that many individuals with stroke had significant impairments on fluid cognition measures (i.e., measures that reflect biological processes that change over the course of the life span and are typically sensitive to brain injury), supporting construct validity. This study also reported that impairment rates for crystallized cognition (i.e., measures that rely on language and comprehension that are more resilient to brain injury) were slightly elevated, which is consistent with findings of individuals with stroke (Caplan et al., 1990; Wall, Isaacs, Copland, & Cumming, 2015) , again supporting construct validity. Furthermore, cognitive performance profiles across individuals with stroke, traumatic brain injury, and spinal cord injury supported known group validity.
While previous work provides preliminary support for the validity of the NIHTB-CB in individuals with stroke, data are lacking regarding convergent and discriminant validity. In addition, evidence of differential cognitive performance associated with stroke severity has not been reported. Establishing known group validity for cognitive performance relative to stroke severity is critical to establishing the clinical utility of this measure. Thus, this article focuses on evidence of convergent and discriminant validity and known-groups validity of the NIHTB-CB in community-dwelling individuals with stroke.
Method Participants
We recruited 131 participants with medically confirmed diagnoses of stroke. The participants were recruited as part of a larger multi-site study . Stroke severity was classified according to the National Institutes of Health Stroke Scale (NIHSS; Goldstein, Bertels, & Davis, 1989; Kwah & Diong, 2014) ; 54% were classified as having a mild stroke (scores of 1-5; n ϭ 71) and 46% had a moderate/severe stroke (scores of 6 -24; n ϭ 54 moderate and n ϭ 6 severe). Individuals with moderate/ This document is copyrighted by the American Psychological Association or one of its allied publishers.
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severe stroke were combined because of the small number of participants with severe strokes, and because this distribution is typical of individuals served in rehabilitation settings. Participants were at least 18 years old. Participants were excluded if they demonstrated evidence of aphasia on the Frenchay Aphasia Screening Test (Enderby & Crow, 1996; Enderby, Wood, Wade, & Hewer, 1987; Salter, Jutai, Foley, Hellings, & Teasell, 2006) , could not read or understand English at a fifth-grade level (as determined by the Wide Range Of Achievement-4th Edition Reading Test; Wilkinson & Robertson, 2006) , or had vision that was poorer than 20/100 (as determined by the Lighthouse Near Visual Acuity Test, 2nd edition; Bailey & Lovie, 1976; Ferris & Bailey, 1996) . Participants were administered the NIHTB-CB battery and neuropsychological tests as part of a larger battery. Participants ranged in age from 22-83 years (M ϭ 57.5; SD ϭ 12.6) and were evenly distributed across gender (51% male). The median time since stroke was 29.0 months (range ϭ 12.5-87.3; M ϭ 31.5; SD ϭ 11.8). Data were collected in accordance with local institutional review board requirements; analyses highlighted in this article focus on hypotheses establishing validity evidence for individuals with stroke. Some analyses also include scores from the NIHTB Motor Battery (Reuben et al., 2013) 
NIHTB-CB Core Measures
The NIHTB Picture Vocabulary Test measures receptive vocabulary and requires participants to identify which of four photographs matches the meaning of an orally presented word. Scores are based on the results of a computer adaptive test, and represent the participant's word knowledge.
The NIHTB Oral Reading Recognition Test measures literacy and quality of education; it requires participants to read and pronounce letters and words. Scores are based on the results of a computer adaptive test, and represent the participant's level of letter/word knowledge.
The NIHTB Picture Sequence Memory Test (Bauer et al., 2013; Dikmen et al., 2014) requires sequencing a series of pictures that are presented on a computer screen; it measures episodic memory. Sequence length varies from 6 -18 pictures depending on the participant's age. Scores reflect the number of adjacent pairs that are identified correctly over two trials; the maximum score is one item less than the sequence length that was presented (i.e., for a sequence length of 18, the maximum score is 17).
The NIHTB Pattern Comparison Processing Speed Test Carlozzi, Tulsky, Kail, & Beaumont, 2013) requires participants to identify whether two visual patterns are the same or not; it measures processing speed. Patterns were identical or vary on one of three dimensions: color (all ages), adding/taking something away (all ages), or one versus many. Scores are the number of correct items out of 130 completed in 90 s.
The NIHTB List Sorting Working Memory Test involves size order sequencing of familiar stimuli and measures working memory. Stimuli are presented visually and orally; participants are required to place them in size order. There is both a one-and two-list version of this task; in the one-list version, participants sequence items from a single category (i.e., food OR animals), while in the two-list version, participants sequence items in two different categories (i.e., reporting animals in size order, followed by food in size order). Scores are the combined total items correct on the one-and two-list versions (maximum ϭ 28), with higher scores indicating better performance.
The NIHTB Flanker Inhibitory Control and Attention Test (Zelazo et al., 2013 (Zelazo et al., , 2014 assesses inhibitory control, a component of executive functioning. This test requires participants to focus on a stimulus (i.e., arrow), that is flanked by two arrows; the participant must focus on the middle stimuli while ignoring the flanking stimuli and indicate in which direction the arrow is facing (consistent or inconsistent with the flanking arrows). Scores are based on a combination of accuracy and response time. Accuracy is defined as 0.125 times the number of correct responses. For participants with Յ80% accuracy, final scores were equal to accuracy scores. For participants with Ͼ80% accuracy, a reaction time (RT) score was calculated based on the participant's median response time on correct, inconsistent flanking trials from the mixed block administration. To calculate scores, RTs Ͻ100 ms or greater than 3 SDs from the participant's average RT were considered outliers and removed from further analysis. Median RTs for each participant were calculated. Next, because of a positive skew in RTs, a log (Base 10) transformation was used to normalize scores. These log values were rescaled from a log(500) -log(3000) range to a 0 -5 range and reversed such that smaller log values were at the upper end of the 0 -5 range whereas larger log values were at the lower end. These rescaled RT scores were added to the accuracy scores for participants with Ͼ80% accuracy.
The NIHTB Dimensional Change Card Sort (DCCS) Test (Zelazo et al., 2013 (Zelazo et al., , 2014 assesses cognitive flexibility (i.e., task switching/set shifting), a component of executive functioning. The first portion of this test requires matching along one dimension (i.e., color), whereas the second requires matching along the other dimension (i.e., shape), and the third involves matching between both dimensions. Scores are based on a combination of accuracy and response time using the process outlined under the NIHTB Flanker Inhibitory Control and Attention Test.
NIHTB-CB Composite Scores
NIHTB Fluid Cognitive Composite score (Heaton et al., 2014) This document is copyrighted by the American Psychological Association or one of its allied publishers.
The NIHHTB Overall Cognitive Composite score (Heaton et al., 2014) is an index of overall cognition and represents both fluid and crystallized abilities. This score is the average of the Fluid and Crystallized Composites.
Measure of Motor Functioning
The NIHTB Motor Battery (Reuben et al., 2013) 9-Hole Pegboard Dexterity Test, Dominant Hand (Wang et al., 2011) measures dominant hand motor functioning. Scores reflect time to completion (in seconds) with higher scores indicating worse functioning. Scores were Winsorized for the eight participants who were unable to complete this test because of motor impairments. (i.e., these participants were given a T score that was 1 point lower than the lowest obtained score for the rest of the sample).
NIHTB Normative Standards
For all of the NIH Toolbox Cognition Battery (NIHTB-CB) measures and composite scores described previously, as well as the 9-Hole Pegboard Dexterity Test, Dominant Hand from the NIHTB Motor Function battery, demographically corrected normative scores were utilized. Normative standards were developed in a cohort of neurological healthy adults (N ϭ 972) to determine deviations from expected levels of performances. Details regarding these norms are presented in detail in Casaletto et al. (2015) . In brief, multiple fractional polynomial models were used to regress the normalized NIHTB-CB scores of each test separately for each race/ethnicity (i.e., Caucasian, African American, Hispanic White) on demographic characteristics (i.e., age, education, gender). The residuals from these models were corrected to enhance the homogeneity of the variances across demographics (age, sex, education, race/ethnicity). The corrected residuals were standardized and rescaled to form individual T scores. The resulting fully corrected T score (M ϭ 50, SD ϭ 10) for each test therefore represents an individual's neurocognitive performance compared with age-, education-, sex-and race/ethnicity-matched peers; these scores were used in the primary analyses and analyses examining effect sizes for the NIHTB-CB measures. Age corrected T scores (M ϭ 50, SD ϭ 10) for each test representing an individual's neurocognitive performance compared with age-matched peers were used in analyses that involved examining convergent and discriminant validity. Strauss, Sherman, & Spreen, 2006 ) that was designed specifically for the NIHTB-CB (National Institutes of Health & Northwestern University, 2017). Participants recall as many of the words as possible. Age-corrected scores were used in convergent and discriminant validity analyses and reflect the number of correct answers out of 45. It serves as a criterion measure for the NIHTB Picture Sequence Memory Test.
Validation Measures
Brief-Visuospatial Memory Test-Revised (BVMT-R; Benedict, 1997; Benedict, Schretlen, Groninger, Dobraski, & Shpritz, 1996) requires participants to reproduce six geometric figures presented in a 2 ϫ 3 array after viewing the images for 10 s. Participants draw as many of the figures as they can remember after each of three learning trials. Age corrected scores were used in convergent and discriminant validity analyses and reflect the number correct. This test also serves as a criterion measure for the NIHTB Picture Sequence Memory Test.
The PPVT-IV (Dunn & Dunn, 2007) measures receptive vocabulary skills. Participants identify which of four pictures reflects a word spoken by the examiner. Age corrected scores were used in convergent and discriminant validity analyses and reflect the number of correct answers out of a possible 228. It serves as a criterion measure for the NIHTB Picture Vocabulary Test.
Wide Range Achievement Test 4th edition (WRAT-4) Reading Subtest (Wilkinson & Robertson, 2006 ) is a norm-referenced test in which participants name letters and read aloud words out of context. The words are listed in order of decreasing familiarity and increasing phonological complexity. Age corrected scores were used in convergent and discriminant validity analyses and reflect (Wechsler, 2008) presents participants with two target symbols (designs) followed by a test series of symbols that include or do not include a target design. The participant searches the test series to identify the target symbol. The participant is allowed 120 s to complete as many as possible. Age-corrected scores were used in convergent and discriminant validity analyses and reflect number correct, minus number incorrect (maximum ϭ 60). It serves as a criterion measure for the NIHTB Pattern Comparison Processing Speed Test.
WAIS-IV Coding (Wechsler, 2008) requires the participant to associate numbers and symbols using a key. This speeded measure is sensitive to deficits in processing speed but also requires motor coordination, short-term memory (STM), and visuoperceptual abilities (Tulsky, Saklofske, & Zhu, 2003) . Age-corrected scaled scores were used in convergent and discriminant validity analyses and reflect the number correct. It also serves as a criterion measure for the NIHTB Pattern Comparison Processing Speed Test.
WAIS-IV Letter-Number Sequencing (Wechsler, 2008 ) presents participants with a mixed list of numbers and letters and asked to repeat the list by saying the numbers in ascending order and then letters in alphabetical order. This subtest has a strong working memory component (Crowe, 2000; Gold, Carpenter, Randolph, Goldberg, & Weinberger, 1997; Haut, Kuwabara, Leach, & Arias, 2000) . Age-corrected scores were used in convergent and discriminant validity analyses and reflect the number of correct responses for letter-number strings ranging from 3 to 9 items (maximum 30 points). It serves as a criterion measure for the NIHTB List Sorting Working Memory Test.
Delis-Kaplan Executive Function System (D-KEFS) Color/ Word Interference (Delis, Kaplan, & Kramer, 2001 ) measures ability to inhibit overlearned verbal responses. Participants are timed while (a) naming of color patches, (b) reading color words printed in black ink, and (c) naming the color of the ink in which color words are printed in the "wrong" color of ink (i.e., red written in blue ink). The standard DKEFS Color/Word Interference Test also includes an additional switching task that was not administered as a part of this study. We examined age corrected scores on the interference trial in convergent and discriminant validity analyses. This test also serves as a criterion measure for NIH Toolbox executive function subtests (Dimensional Change Card Sort, Flanker Inhibitory Control and Attention Test).
NIHTB and Validation Measure Administration and Scoring Certification Process
The NIHTB assessments and validation measures were administered by examiners with at least a bachelor's degree. They completed a certification process for test administration prior to their working with study participants. Two PhD-level licensed Clinical Psychologists who were also involved in the development of the NIHTB-CB and received formal training to administer these measures (NEC and DST) provided training to review the standardized methods of administering and scoring the NIHTB measures and neuropsychological tests. The examiners practiced the assessments and completed a minimum of three practice cases before completing the formal certification process which required an additional practice administration that was observed by one of the trainers. Trainers provided examiners detailed feedback regarding test administration and scoring of standard neuropsychological tests for which computerized scoring was not available. Examiners who strictly followed standardized protocol procedures were certified and tested participants; examiners who failed the certification process completed additional practice sessions until achieving certification. Examiners repeated the recertification process annually to assure adherence to standardized procedures and minimize drift from the protocol.
NIHTB and Validation Measure Scoring Process
After test administration certification, a PhD-level Clinical Psychologist (NEC) reviewed 10 de-identified test protocols from each examiner and provided feedback about deviations from protocol. Two examiners independently scored validation measures; the PhD-level Clinical Psychologist (NEC) reviewed and reconciled discrepant scores.
Data Analysis
Univariate analyses examined the main effects and interactions between stroke laterality and stroke severity; these analyses did not yield significant findings (all p Ͼ .05); thus, we did not include laterality as a covariate in our analyses. A univariate analysis examined group (mild vs. moderate/severe stroke) and the seven NIHTB-CB Core Measures and NIHTB Composite Scores as the dependent variables to compare the groups' cognitive profiles using fully corrected NIHTB scores. For NIHTB-CB tests that rely on motor responses (i.e., Pattern Comparison, Flanker and DCCS), analyses were ran both with and without motor function as a covariate (as noted above, however, participants with moderate/severe strokes tended to have worse motor impairment, p Ͻ .01). In addition, univariate analyses also examined stroke severity and the 9 standard neuropsychological tests as the dependent variables. For standard neuropsychological tests that rely on speeded motor responses (i.e., WAIS-IV Coding and WAIS-IV Symbol Search), analyses were run both with and without motor function as a covariate.
Pearson correlations were computed to evaluate relationships between the NIHTB measures and standard neuropsychological tests to evaluate convergent validity using age-corrected scores. Pearson correlations were computed to evaluate discriminant validity among cognitive domains of function among the NIHTB measures. Evidence of discriminant validity consisted of lower correlations (Ն0.1 differences) with measures of a different cognitive construct. Across measures, correlations less than 0.3 were considered weak, 0.3-0.6 adequate, and 0.6 or greater were good to very good evidence of convergent validity; evidence of discriminant validity consisted of lower correlations with selected measures of a different cognitive construct (Campbell & Fiske, 1959) . For NIHTB-CB tests that rely on motor responses (i.e., Pattern Comparison, Flanker, and DCCS), as well as standard neuropsychological tests that rely on speeded motor responses (i.e., WAIS-IV Coding, and WAIS-IV Symbol Search) analyses were conducted both with and without motor function as a covariate.
Effect sizes are reported as Cohen's d, with cutoffs of .20, .50, and .80 indicating small, medium, and large effects, respectively (Cohen, 1992) . Clinical impairment rates were calculated based on This document is copyrighted by the American Psychological Association or one of its allied publishers.
Holdnack and colleagues' (2017) approach to identify base rates for clinically significant impairment. Thus, for individuals with Crystallized t scores Ն58 the cutoff for clinical impairment for fluid tests was a score Ͻ44, for individuals with Crystallized t scores between 50 and 57 the cutoff for clinical impairment for fluid tests was a score Ͻ41, for individuals with Crystallized t scores between 43 and 49 the cutoff for clinical impairment for fluid tests was a score Ͻ38, for individuals with Crystallized t scores Ͻ43 the cutoff for clinical impairment for fluid tests was a score Ͻ35. We calculated the percent of participants who met Diagnostic and Statistical Manual of Mental Disorders (5th ed., DSM-5; American Psychiatric Association, 2013) criteria for at least a mild cognitive disorder defined as the presence of at least two low scores on an NIHTB-CB fluid test. Table 2 displays missing data, stratified by stroke severity and NIHTB-CB subtest. There were no group differences between those with mild versus those with moderate/severe stroke for rates of missing data.
Results
Missing Data
Demographic Characteristics
The demographic characteristics of the mild and moderate/ severe stroke groups are presented in Table 2 . Groups did not differ on age, t(129) ϭ .10, p ϭ .92, time since injury, t(129) ϭ Ϫ0.18, p ϭ .86, gender, 2 (1, N ϭ 131) ϭ .25, p ϭ .37, or education, t(127) ϭ 828, p ϭ .41. There were no significant group differences on race, 2 (1, N ϭ 131) ϭ 3.484, p ϭ .062 and ethnicity, 2 (1, N ϭ 129) ϭ .16, p ϭ .69. The average NIHTB composite, subtest, and supplemental fully corrected scaled scores for the different stroke groups are presented in Table 3 .
Univariate analyses examined stroke severity, the two NIHTB composite scores, and seven NIHTB subtest scores as the dependent variables. In the first set of analyses that did not control for motor function, individuals with moderate/severe stroke performed worse than those with mild stroke on both NIHTB composites and revealed significant group differences on all NIHTB subtests except Picture Vocabulary and List Sorting (Table 4) ; in all cases with significant group differences, individuals with moderate/severe stroke performed worse than those with mild stroke. There were no significant differences in the second set of analyses when motor function was included as a covariate for tests that rely on speeded motor responses (i.e., Pattern Comparison, Flanker, and DCCS; Table 4 ).
Univariate analyses also examined stroke severity and performance on the nine standard neuropsychological tests. In the first set of analyses that did not control for motor function, individuals with moderate/severe stroke performed worse than those with mild stroke on all measures (Table 5) ; in all cases, individuals with moderate/severe stroke performed worse than those with mild stroke. There were no significant differences in the second set of analyses when motor function was included as a covariate for tests that rely on speeded motor responses (i.e., WAIS-IV Coding and WAIS-IV Symbol Search; Table 5 ). Table 6 reports evidence of convergent validity. We found moderate to large correlations between the NIHTB measures and their corresponding neuropsychological test regardless of whether motor function was included as a covariate. Moderate relationships were found between Picture Sequence Memory, Pattern Comparison, Flanker, and DCCS, and their neuropsychological comparison measure(s) (r's ranged from .40 to .67), and strong relationships were found between the two crystallized NIHTB-CB tests (Picture Vocabulary and Oral Reading Recognition) and their comparator (rs ranged from .87 to .88); this pattern of findings did not change when motor function was included as a covariate for tests relying on motor responses. For List Sorting, there were moderate correlations with WAIS-IV Letter Number Sequencing (r ϭ .66). In general, correlations between measures of different cognitive domains were smaller than correlations of measures of the same domain, providing evidence of discriminant validity (Table 7) . Specifically, for Picture Sequencing, correlations with one of its primary comparator measures (i.e., BVMT) was higher (r ϭ .66) than correlations with tests from any other domain (rs ranged from .21 to .54; median ϭ .38). For List Sorting, correlations with its primary comparator (i.e., WAIS-IV Letter Number; r ϭ .64) was higher than correlations with tests on any other domain (rs ranged from .28 to .61). In addition, similar findings were observed for Pattern Comparison, where correlations with other processing speed measures (i.e., WAIS-IV Coding and 
Convergent and Discriminant Validity
Other Demographic Comparisons
We computed effect sizes to describe the influence of stroke severity on NIHTB performance. Table 8 shows that the effect sizes for the measures of fluid cognition were generally small to moderate for the mild stroke group and moderate to large for the moderate/severe stroke groups (Cohen, 1977) . For the mild group, the largest effects were seen for Pattern Comparison, List Sorting, Flanker, and DCCS; the largest effects for the moderate/severe group were for Flanker, DCCS and Pattern Comparison. Table 8 also indicates rates of impairment ranged from 31.0% to 37.4% for the entire sample for individual NIHTB-CB test, and 42% had clinical impairment on the fluid composite; 42.0% of the sample would meet DSM-5 criteria for at least a mild cognitive disorder.
Discussion
We evaluated the construct validity of the NIHTB-CB in individuals with stroke by comparing individuals with mild versus moderate/ severe stroke. Individuals with moderate/severe stroke performed worse than those with mild stroke on both NIHTB Composite measures (i.e., Fluid Cognition and Crystallized Cognition), as well as all on most of tests of fluid reasoning (i.e., Picture Sequence Memory, Flanker, DCCS, Pattern Comparison) and oral reading (i.e., Oral reading Recognition). For NIHTB-CB tests that rely on speeded motor function (Pattern Comparison, DCCS and Flanker), group Note. No group differences were found among/between groups for all variables (all p Ͼ .05); categorical variables were examined by using chi-squared tests; continuous variables were examined by using independent sample t tests. a This information was only consistently collected at a single study site. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
differences were nonsignificant, suggesting that group differences are partially confounded with difficulties with motor function. Users should exercise caution when using the NIHTB-CB tests that rely on motor responses in individuals with stroke when drawing conclusions about cognitive impairment when clinically significant problems in motor function exist. Measures of processing speed (Pattern Comparison) and executive function (DCCS and Flanker) yielded the largest effect sizes (vs. the total normative group) for participants with severe strokes. Findings are consistent with earlier reports that describe deficits in processing speed (Barker-Collo & Feigin, 2006; de Bruijn, Synhaeve, van Rijsbergen, de Leeuw, Jansen, & de Kort, 2014; Su, Wuang, Lin, & Su, 2015) , and executive function (Barker-Collo & Feigin, 2006; de Bruijn et al., 2014; Sörös, Harnadek, Blake, Hachinski, & Chan, 2015) , and provide support for the validity of the NIBTB-CB in individuals with severe stroke. Although we excluded participants with dysphagia, group differences on the Crystallized Composite score suggest that that subtle levels of dysphagia were present.
Convergent and discriminant validity of the NIHTB-CB was supported by these findings. Each test demonstrated moderate to large correlations with its corresponding neuropsychological test (Table 6 ) providing evidence of convergent validity. The strongest correlations were seen for measures of language; moderate correlations were demonstrated for all other domains. Discriminant validity was supported by smaller correlations among measures of dissimilar constructs (Table 7) . For example, correlations among NIHTB-CB measures of language (for Oral Reading recognition rs ranged from .77 to .88 and for Picture Vocabulary, rs ranged from .74 to .87) and were higher than correlations with tests on any other domain (rs ranged from .21 to .54). A similar pattern was observed across other cognitive domains although less robust than what was seen for the language measures, with the exception executive function measures where moderate relationships were found, suggesting that these measures tap abilities related to multiple aspects of cognition, rather than only executive functioning. These tests are simple discrimination tasks characteristic of executive functioning tasks used in the experimental psychology literature, rather than neuropsychological assessments of other aspects of executive functioning, partially explaining the weaker evidence of discriminant validity. Controlling for motor function did not alter the pattern of findings. Impairment rates observed here are higher than the general population for all NIHTB fluid measures. We expect 16% of the people in the general population to score 1 SD below the mean (Heaton, Miller, Taylor, & Grant, 2004) . Our findings suggested overall impairment rates ranging from 31.0% to 37.4% for the NIHTB-CB fluid tests, with 42.0% of our sample meeting diagnostic criteria for at least a mild cognitive disorder. These findings are consistent with other studies examining cognition in stroke and support the construct validity of these measures (e.g., Barker-Collo & Feigin, 2006; Black, 2011; de Bruijn et al., 2014; Desmond, 2004; Hochstenbach, den Otter, & Mulder, 2003; Hochstenbach, Mulder, van Limbeek, Donders, & Schoonderwaldt, 1998; Salter et al., 2008; Schendel, Dronkers, & Turken, 2016) .
Results provide evidence supporting the construct validity of the NIHTB-CB in individuals with stroke. Study strengths include a diverse sample of community dwelling individuals with stroke, medically documented stroke severity, as well as broad inclusion criteria; individuals were not excluded based on medication use, litigation status, previous psychiatric history, or previous history of learning disability, which is commonplace in the published literature. Findings should be generalizable to other heterogeneous stroke samples. Researchers should note the sensitivity of the NIHTB-CB processing speed measures consistent with others' work that indicates that processing speed measures are the most sensitive measures to cognitive insult (Carlozzi, Kirsch, Kisala, & Tulsky, 2015; DeLuca, Chelune, Tulsky, Lengenfelder, & Chiaravalloti, 2004; Donders, Tulsky, & Zhu, 2001; Gontkovsky & Beatty, 2006; Hawkins, 1998) . However, it is important to note that the deficits that are observed for processing speed, as well as for the other NIHTB-CB measures that rely on speeded motor responses are due, at least in part, to motor functioning. This influence should be considered by clinicians when interpreting findings for individuals with stroke and significant motor impairments. However, because dominant hand motor speed was worse in participants with moderate/severe stroke, "corrections" for motor impairments biases against finding stroke severity differences on other tests. Note. NIH ϭ National Institutes of Health; NIHTB ϭ NIH Toolbox; DCCS ϭ Dimensional Change Card Sort. For effect sizes, the group means for the composite and subtest scores were compared to the NIHTB normative sample (N ϭ 972; M ϭ 50; SD ϭ 10). a Clinical impairment rates are based on the approach outlined in Holdnack et al., (2017) for calculating base rates of clinical impairment using the NIHTB. This document is copyrighted by the American Psychological Association or one of its allied publishers.
It is important to acknowledge several study weaknesses. First, while our sample is heterogeneous, we did not evaluate participants' effort; it is possible that some participants exaggerated cognitive deficits. Future studies should include symptom validity testing for all participants to ensure that impaired performance is not related to poor effort. However, the pattern of NIHTB-CB results, with essentially normal performances on Crystallized cognition (especially oral reading) and much more apparent deficits on Fluid cognition measures, are consistent with expectations for a group with an acquired neurological disorder and certainly do not suggest a lack of effort. We did not evaluate the effects of medication use, psychiatric history, or learning disability on test performance; more work is needed to determine the effects that these variables have on NIHTB-CB performance.
Despite these limitations, this study provides support for the NIHTB-CB as a valid assessment of cognitive functioning in individuals with stroke. Future work should examine longitudinal NIHTB-CB test performance in order to document the typical recovery of function that is characteristic of individuals with stroke during the first three to six poststroke when the largest gains in cognitive function typically occurs (Hochstenbach et al., 2003; Sonoda, Chino, Domen, & Saitoh, 1997; Wade, Wood, & Hewer, 1985) . More research is needed to understand how medication use, litigation status, psychiatric history, and history of learning disability affect NIHTB test performance. In addition, future studies should examine acute recovery following stroke onset (i.e., within 3 to 12 months).
